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Events (Fire at a street corner) 
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Events (Car accidents      fire)
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Event detection

Event detection from videos

(In how many frames the event happened?)

(location of the event in each frame)
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Temporal localization

Spatial localization

+



Challenges

• Dynamic background videos

(Car-mounted camera, hand-held camera)

• Illumination/Intensity variation

• Camera jitter 

(Gait motion, motion of cars on uneven surface)

• No actual object to track (Fire, no shape prior)
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Subspace based approach 
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Input feature 
Vector, y

Coefficient 
Vector, x

Zero

Nonzero

Columns as basis vectors

y ∈ span{2nd ,3rd ,6th ,8th }

Subspaces noise removal, minor illumination 
variation removal, low-dimensional representation



Block-based dictionary 
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Number of blocks, P = 4
Number of frames, K = 5

In our case,

D = 𝐷1 𝐷2 ⋯ 𝐷𝑃

P = total number of partitions of 
each frame

𝐵𝑗
𝑖 = S-dimensional feature 

(𝑖𝑡ℎ block, 𝑗𝑡ℎ frame)

𝐵𝑖 = 𝑖𝑡ℎ feature sub-volume

𝐵𝑖 = 𝐵1
𝑖 𝐵2

𝑖 ⋯𝐵𝐾
𝑖 𝑇

∈ 𝑅𝐾×𝑆

Feature = HOG features with a cell size 16 × 16



Block-based dictionary 
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𝐵𝑖 = 𝑖𝑡ℎ feature sub-volume

𝐵𝑖 = 𝐵1
𝑖 𝐵2

𝑖 ⋯𝐵𝐾
𝑖 𝑇

∈ 𝑅𝐾×𝑆
𝐁𝐢 Feature dimension

F
ra

m
e

Event dynamics

Illumination 
variation

Camera jitter

Camera motion

Clutter

𝐃𝐢=

𝐂𝐞𝐯𝐞𝐧𝐭
𝐢 ∪ 𝐂𝐢𝐥𝐥𝐧

𝐢 ∪ 𝐂𝐣𝐢𝐭𝐭𝐞𝐫
𝐢 ∪ 𝐂𝐦𝐨𝐭𝐢𝐨𝐧

𝐢 ∪ 𝐂𝐜𝐥𝐮𝐭𝐭𝐞𝐫
𝐢

𝐂𝐞𝐯𝐞𝐧𝐭
𝐢 = A subset of columns of 𝐃𝐢 that 

spans the event in the 𝑖𝑡ℎ subvolume



Our contribution
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𝐃𝐢 = 𝑼𝒊
𝑻𝝌𝒊

Noise removal
(PCA, sparse 

approximation of 
coefficients)

Temporal dynamics
of the event

(Graph between consecutive 

frames of 𝑖𝑡ℎ subvolume)



PCA of  
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𝐁𝐢

𝝌𝒊 = first 𝑴𝒊 eigenvectors taken from PCA of 𝐵𝑖

…

⋮

M𝟏 M𝐩−𝟏 M𝐩

Coefficient 
Vector, x

XDY

Dimension of X,   M = σ𝑖=1
𝑃 𝑀𝑖



Block graph
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Linear graph of 2nd blocks 

Number of blocks = P

Number of frames = K

Number of free 
parameters = Number 

of weights in all P 
graphs = P(K-1) 𝐖𝟏 𝐖𝟐 𝐖𝟑 𝐖𝟒



Graph basics
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𝐀𝐝𝐣𝐚𝐜𝐞𝐧𝐜𝐲 𝐌𝐚𝐭𝐫𝐢𝐱, A =

0 0 𝑎 𝑐
0 0 0 𝑏
𝑎 0 0 0
𝑐 𝑏 0 0

𝐃𝐞𝐠𝐫𝐞𝐞 𝐌𝐚𝐭𝐫𝐢𝐱, D =

𝑎 + 𝑐 0 0
0 𝑏 0 0
0 0 𝑎 0
0 0 0 𝑏 + 𝑐

𝐋𝐚𝐩𝐥𝐚𝐜𝐢𝐚𝐧 𝐌𝐚𝐭𝐫𝐢𝐱, L = D − A =

𝑎 + 𝑐 0 − 𝑎 − 𝑐
0 𝑏 0 − 𝑏
0 0 𝑎 − 𝑎

−𝑐 − 𝑏 0 𝑏 + 𝑐

Normalized symmetric Laplacian, ෨𝐿 = 𝐷
−1

2 𝐿𝐷
−1

2



Eigenmatrix of graph Laplacian
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𝐋𝐢 = 𝐔𝐢𝚲𝐢𝐔𝐢
𝐓

𝐃𝐢 = 𝑼𝒊
𝑻𝝌𝒊

It belongs to O(K),

Distance-preserving 
transformation/modulation

Intra-block mutual coherence is kept intact : 

𝜇𝑖 𝑈𝑖
𝑇𝜒𝑖 , 𝑈𝑖

𝑇𝜒𝑖 = 𝜇𝑖 𝜒𝑖 , 𝑈 ∗ 𝑈𝑖
𝑇𝜒𝑖 = 𝜇𝑖 𝜒𝑖 , 𝜒𝑖

Precomputed and 
fixed during iteration



Dictionary learning algorithm
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Alternating minimization 

Update D, keeping X fixed

Update X, keeping D fixed

Update D, keeping X fixed

⋮

Update X:

Update D:

Orthogonal matching pursuit

Gradient descent



Flow chart for gradient descent
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Update the weights of 
each Linear graph

Update the adjacency 
matrices, 𝐴𝑖

Change in the 
eigenmatrices, 𝑈𝑖

Update the Laplacian 
matrices, 𝐿𝑖

Change in the 
eigenmatrices, 𝑈𝑖

Update 𝐷𝑖 as  𝐃𝐢 = 𝑼𝒊
𝑻𝝌𝒊



Spatial localization
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Dictionary, D

…

𝐃𝟏 = 𝑼𝟏
𝑻𝝌𝟏

𝐃𝒑−𝟏 = 𝑼𝒑−𝟏
𝑻 𝝌𝒑−𝟏 𝐃𝒑 = 𝑼𝒑

𝑻𝝌𝒑

Feature for 
block 1

Hierarchical clustering

Total number of final 
clusters = 2.

Event and no-event 
clusters

Linkage: Unweighted 
average distance

Feature for 
block P-1

Feature for 
block P

Feature similarity: 
mutual coherence



Temporal localization ( P=4, K=5 )
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𝐁𝟏

𝐁𝟐

𝐁𝟑

𝐁𝟒

𝐰𝟑,𝐤−𝟏

𝐰𝟒,𝐤−𝟏

Feature vector 
between frames K-1 

and K

𝐰𝟏,𝐤−𝟏

𝐰𝟐,𝐤−𝟏

Collection of all such 
feature vectors

2-means 
classification



Dataset
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Disappearance of boat Explosion at gas station Car accident and fire

Frames: 75
Frame dim: 378 × 281

Frames: 69
Frame dim: 632 × 342

Frames: 77
Frame dim: 422 × 208



Comparison with state-of-the-arts
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SN = 
𝑇𝑟𝑢𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒

𝑇𝑟𝑢𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒+𝐹𝑎𝑙𝑠𝑒 𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒
SP = 

𝑇𝑟𝑢𝑒 𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒

𝑇𝑟𝑢𝑒 𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒+𝐹𝑎𝑙𝑠𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒



Result on parameter selection
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P

𝑴𝒊

𝑲
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Thank you

谢谢


